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INTRODUCTION 


The  effects  of  meteorological  conditions  upon  sound  propagation  in  air 
are  to  a  large  extent  known;  however,  the  importance  of  the  various  mete¬ 
orological  conditions  upon  measured  community  noise  levels  during  actual 
aircraft  operations  has  not  previously  been  determined.  Thv*  objective  of 
this  project  was  to  separate  out  and  examine  the  effects  of  local  meteor¬ 
ological  conditions  upon  measured  community  aircraft  noise  exposure. 

The  study  utilizes  data  measured  at  Orange  County  Airport  in  Santa  Ana, 
California.  For  over  a  year,  the  Orange  County  Airport  noise  abatement 
office  has  been  monitoring  and  recording  noise  levels  in  the  surrounding 
community  due  to  aircraft  operations  at  the  airport.  Several  thousand 
sound  level  measurements  have  been  recorded  which  include  both  takeoff 
and  landing  sound  levels  produced  by  the  Boeing  737,  the  Doug1 as  DC-9 
and  most  of  the  more  popular  business  jet  aircraft.  Associated  with  the 
direct  noise  measurements,  related  data  have  been  collected  on  weather 
conditions,  noise  abatement  procedures,  community  noise  exposure  levels 
and  noise  complaint  histories.  A  part  of  the  very  large  data  bank  con¬ 
taining  the  information  was  used  for  this  study.  A  principal  advantage 
of  this  data  is  that  it  provides  information  taken  in  the  community  sur¬ 
rounding  the  airport  over  a  long  period  of  time,  under  varying  meteoro¬ 
logical  and  operational  conditions. 
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BACKGROUND 

It  is  well  known  that  the  propagation  of  sound  in  the  atmosphere  is 

dependent  upon  local  meteorological  parameters.  The  FAA  noise  standards 

for  aircraft  type  certification,^  for  example,  specify  the  corrections 

for  non-standard  atmospheric  conditions  t!at  must  be  made  to  the  EPNL 

calculated  from  measured  noise  data.  These  corrections  are  based  upon 
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data  presented  in  SAE  ARP  866.  The  noise  standards  also  place  limita¬ 
tions  upon  the  range  of  meteorological  conditions  under  which  noise  cer¬ 
tification  tests  can  be  carried  out.  Known  atmospheric  absorption  data 
can  therefore  be  utilized  to  correct  measured  noise  levels  for  meteoro¬ 
logical  conditions  so  that  the  measured  noise  levels  can  be  referenced 
to  standard  atmospheric  conditions.  Recent  measurements  of  the  flyover 

noise  from  a  T-33A  aircraft  were  used  to  experimentally  determine  atmos- 
3 

pheric  absorption.  The  aircraft  was  flown  at  nominal  100  percent  engine 
power  on  straight  and  level  flybys.  Measured  noise  and  meteorological 
data  were  used  to  determine  experimental  absorption  coefficients.  The 
results  indicate  that  for  elevation  angles  greater  than  15  degrees  cal¬ 
culations  from  ARP  866  generally  underestimate  the  air-to-ground  absorp¬ 
tion  coefficients,  and  for  elevation  angles  less  than  15  degrees  the  ex- 
experimental  absorption  coefficients  agree  with  and,  in  some  cases,  fall 
below  the  ARP  866  predictions.  Except  for  some  scatter  at  low  frequen¬ 
cies  and  errors  at  high  frequencies  due  to  interference  from  background  - 
noise,  the  measured  absorption  coefficients  show  the  same  trends  as  the 
predicted  values.  Thus,  provided  the  propagation  path  is  known,  atmos¬ 
pheric  attenuation  of  aircraft  noise  can  be  determined  with  reasonable 
accuracy. 

The  effect  of  meteorological  conditions  upon  community  noise  from  air¬ 
craft  measured  over  a  period  of  time,  however,  involves  factors  other 
than  atmospheric  absorption.  In  addition  to  its  effects  upon  atmospheric 
attenuation,  for  example,  temperature  also  stronqly  affects  aircraft  per¬ 
formance  and  thereby  indirectly  affects  measured  community  noise.  The 
work  carried  out  in  this  program  was  aimed  at  assessing  the  effects  of 
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temperature,  humidity,  wind  force  and  direction,  visibility,  and  ceiling 
upon  measured  conmunity  noise  by  correlating  these  factors  with  measured 
noise  data. 

The  Orange  County  Airport  i.oise  monitoring  system  provides  a  continuous 
area-wide  monitoring  of  the  airport's  noise  environment.  The  nonitoring 
system  presently  consists  of  five  microphone  sensors  arrayed  in  both  the 
landing  and  departure  zones  of  i.\s  airport  as  shown  in  Figure  1.  Under 
most  conditions,  runway  19R  is  normally  used  for  both  landing  and  depar¬ 
ture.  Three  microphone  sensors  are  located  in  the  departure  zone;  one 
is  along  the  runway  centerline  about  10,000  ft  from  the  brake  release 
point,  and  the  other  two  are  about  3,000  ft  on  each  side  of  the  depar¬ 
ture  flight  path  and  about  16,000  ft  from  the  brake  release  point.  Two 
additional  microphones  are  located  along  the  runway  centerline  in  the 
approach  zone  at  about  29,000  ft  and  6,000  ft,  respectively,  from  the 
point  of  touchdown.  The  output  of  each  microphone  is  in  A-weighted  dec- 

ibles  with  a  dynamic  range  of  60  to  120  dB(A).  fhe  sensors  conform  to 

applicable  sections  of  IEC  179,  ANSI  SI. 4-1971  and  the  Noise  Standard 
for  California  Airports.  Output  accuracy  is  ±1.0  dB  and  each  station 
has  logged  over  3,000  hours  during  the  past  year  and  has  remained  within 
calibration  while  exposed  to  the  outdoor  environment.  Each  sensor  trans¬ 
mits  a  frequency  modulated  signal  over  private  telephone  lines  to  a  cen¬ 
tral  processing  computer  located  at  the  airport  terminal. 

A  teletype  and  display  output  unit,  connected  to  the  central  processor, 
print  the  formulated  data  and  serve  as  the  input  unit  for  the  operator- 

selected  operational  instructions.  The  system  can  be  set  to  operate  and 

provide  information  according  to  a  variety  of  formats  by  selecting  thres¬ 
hold  levels  at  each  station,  resolution  limits,  maximum  and  minimum  event 
times  and  minimum  excursion  values  for  each  station.  Using  the  various 
parameters  available  in  the  system,  almost  ail  nonjet  aircraft  events  can 
be  rejected  or  any  class  of  events  capable  of  description  by  the  appli¬ 
cable  parameters  can  be  selected.  The  system  normally  prints  out  single 
event  noise  exposure  level  (SENEL)  which  is  the  A-weighted  noise  exposure 


3 
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Helicopter  Air  Station 
Santa  Ana 


FIGURE  1 

MICROPHONE  LOCATIONS 
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AIRPORT 

NOISE  MONITORING  SYSTEM 


level  for  a  single  event,  hourly  noise  level  (HNL)  which  is  the  average 
(on  an  energy  basis)  A-weighted  noise  level  during  a  particular  hour,  and 
community  noise  equivalent  level  (CNEL)  which  is  an  average  A-weighted 
noise  level  during  a  24-hour  day,  adjusted  to  an  equivalent  level  to 
account  for  the  lower  noise  tolerance  of  people  in  the  evening  and  night¬ 
time  periods  relative  to  the  daytime  periods.  In  addition,  a  true  histo¬ 
gram  of  individual  or  multiple  station  events  may  be  printed  out.  The 
detailed  methods  for  calculating  the  SENEL,  HNL  and  CNEL  are  given  in  the 
"Adopted  Noise  Regulations  for  California  Airports.1'^ 

The  noise  measurements  used  in  the  present  calculations  are  the  SENEL 
measurements,  which  are  closely  related  to  the  effective  perceived  noise 
level  (EPNL)  for  a  single  noise  event.  This  study  is  limited  to  flyover 
noise  from  the  Boeing  737  aircraft  (operated  by  Air  California  out  of 
Orange  County  Airport)  to  avoid  variations  that  could  be  introduced  into 
the  data  by  the  use  of  a  mix  of  aircraft  types.  Only  takeoff  noise  data 
are  used  for  the  calculations.  Each  calculation  was  made  for  SENEL 
values  which  were  measured  at  a  given  microphone  for  the  Boeing  737  dur¬ 
ing  takeoff.  In  addition  to  the  effects  of  meteorological  conditions, 
other  variables  that  influence  the  measured  data  are  the  aircraft  gross 
weight,  the  particular  aircraft  producing  the  noise  event,  the  pilot  or 
pilot  technique,  and  other  more  secondary  effects  such  as  maneuvers  to 
avoid  other  traffic,  VFR  versus  instrument  departures,  etc.  The  analysis 
carried  out  here  only  accounts  for  the  effects  of  the  meteorological 
parameters . 
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statistical  analysis  of  data 


For  each  of  the  nine  matrices  of  collected  data  tabulated  *n  Appendix  A, 
a  complete  multiple  regression  analysis  was  conducted.  The  results  of 
these  individual  analysis  runs  are  presented  as  Appendix  B. 

The  dependent  parameter,  Y,  used  throughout  was  the  observed  noise  level 
(SENEL)  at  microphone  station  #1  except  for  Runs  7,8,  and  9  which  used 
data  from  microphones  #2,  #3,  and  #4,  respectively. 

The  following  is  a  list  of  the  independent  variables,  X.,  which  were 
studied  in  at  least  one  analysis  run. 

1.  Wind  Speed,  overall  (knots) 

2.  Wind  Direction  (degrees  from  flight  path) 

3.  Flight  path  down-wind  vector  (knots) 

4.  Flight  path  cross-wind  vector  (knots) 

5.  Visibility  (miles) 

6.  Ceiling,  reciprocal  (feet)"1 

7.  Temperature  (°R) 

.  8.  Relative  humidity  (percent). 

The  major  purpose  of  the  experiment  was  to  discover  which  factors  from 

the  system  of  Independent  external  meteorological  conditions  of  Interest 

could  be  statistically  related  to  the  observed  aircraft  noise  level  as 

measured  at  a  fixed  microphone  station.  The  statistical  technique  used 

c 

to  perform  the  evaluation  was  "multiple  linear  regression. 

The  input  for  the  analysis  is  a  data  matrix  of  the  following  form: 


fi.  v«Ki}y{&.  -.  w*^  aSV»  /'?>tMt 


Y 

X 

• 

• 

• 

• 

• 

• 

• 

CM 

X 

X 

Yi 

xii  X12 . Xlk 

V2 

• 

XX  X 

a21  22 . A2k 

•  •  • 

•  •  • 

• 

• 

yn 

•  •  • 

•  •  • 

XX  X 

AN1  aN2  ANk 

These  data  arrays  for  each  of  the  nine  analysis  runs  made  are  given  in 
Appendix  Af  and  Appendix  B  presents  the  corresponding  analysis  results 
for  each  of  the  nine  runs  made. 

The  analysis  of  variance  is  presented  at  the  top  of  each  page  in  Appen¬ 
dix  B.  Basically,  this  analysis  provides  a  measure  of  the  relative  sig¬ 
nificance  of  each  independent  factor  as  it  relates  to  the  dependent  var¬ 
iable,  which  in  this  case  is  the  measured  noise  level,  Y.  The  quantity 
"F"  in  the  next  to  last  column  Is  the  statistic  that  provides  the  basis 
for  the  significance  test  of  each  regression  coefficient.  The  larger  the 
value  of  "F"  the  more  significant  the  independent  variable  is.  The  final 
column  is  a  code  of  the  significance  levels  having  the  following  meanings: 

-  :  the  corresponding  factor  is  not  significantly 
correlated  with  Y 

+  :  the  corresponding  factor  insignificantly  cor¬ 
related  with  Y  et  the  95  percent  confidence  level 

++  :  the  corresponding  factor  jn  significantly  cor¬ 
related  with  Y  at  the  99  percent  confidence  level 

+++  :  the  corresponding  factor  Is  significantly  cor¬ 
related  with  Y  at  the  99.9  percent  confidence  level. 

The  multiple  correlation  coefficient,  R,  provides  an  estimate  of  the  over¬ 
all  level  of  correlation  for  the  particular  analysis.  A  value  near  ze*-o 
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indicates  a  relatively  low  correlation,  while  a  value  of  R  near  +  1 
(or  -1)  indicates  high  correlation  and  a  near  perfect  predictability 
of  Y  from  the  given  system  of  independent  variables. 
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The  value  of  R  represents  the  overall  fraction  of  the  original  varia¬ 
tion  in  Y  which  is  accounted  for  by  the  regression.  The  remaining  vari¬ 
ance,  the  prediction  error,  is  then  due  to  a  combination  of  experimental 
error  (measurement  errors,  etc.)  and  the  effects  of  additional  signifi¬ 
cant  factors  which  are  not  a  part  of  the  current  system  of  Independent 
variables. 

The  least  squares  prediction  equation  resulting  from  the  regression  anal¬ 
ysis  is  of  the  form: 


Y  =  bQ  +  b1  X1  +  b2  X2  + 


*  *  +  bk  Xk 


where  the  b^  are  the  estimated  regression  coefficients.  The  quantity  s£ 
is  the  estimated  standard  deviation  of  error  of  the  fitted  equation.  The 
results  of  the  nine  analysis  runs  are  discussed  below. 


Run  No.  1 

Multiple  linear  regression  Run  No.  1  was  conducted  for  the  SENEL  measured 
at  microphone  #1,  as  a  function  of  tenperature,  humidity,  wind  speed, 
wind  direction,  ami  visibility.  Temperature  and  humidity  were  input  as 
exponential  factors,  whereas  wind  speed,  wind  direction,  and  visibility 
were  input  as  linear  factors.  Wind  speed,  wind  direction  and  visibility 
data  were  obtained  from  Orange  County  Airport  weather  reports.  Tempera¬ 
ture  and  humidity  were  obtained  from  Orange  County  Agricultural  Depart¬ 
ment  weather  reports.*  For  conditions  of  zero  wind  speed,  random  numbers 
from  0-360  were  used  for  wind  direction. 


The  Orange  County  Agricultural  Deoartment  maintained  a  weather  station 
near  the  control  tower  at  the  Orange  County  Airport  until  1  January  19/2. 
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The  major  statistical  result  for  this  run,  as  seen  in  Appendix  B,  was  that 
temperature  had  a  very  large  inverse  effect  on  the  measured  noise  level. 
The  higher  the  temperature,  the  smaller  the  noise  level. 

The  only  other  effect  showing  up  significantly  on  this  run  was  wind 
direction  for  which  a  marginal  significance  at  the  95  percent  confidence 
level  was  indicated. 

Run  No.  2 

The  data  used  for  the  second  correlation  was  the  same  as  for  the  first. 
However,  only  the  effects  of  temperature  and  wind  direction  were  consid¬ 
ered.  As  before-,.  temperature  was  input  as  an  exponential  factor,  whereas 
wind  direction  was  input  as  a  linear  factor.  Conditions  of  zero  wind 
speed  were  discarded  in  order  to  test  the  validity  of  using  random  num¬ 
bers  fj*  wind  direction  under  such  conditions. 

The  results  of  this  run  were  essentially  the 'same  as  for  the  first  run. 

Run  No.  3 

For  the  tnird  study,  the  same  set  of  data  was  used  as  for  Run  No.  1. 
Temperature  was  input  as  a  linear  factor.  All  other  conditions  were  the 
same  as  for  the  second  run. 

The  results  for  this  run  indicated  that  temperature  alone  was  significant. 
The  overall  result  as  measured  by  R  was  somewhat  less  tnan  Run  No.  2; 
thus,  it  was  concluded  that  for  the  future  analysis  the  exponential  trans¬ 
formation  of  temperature  would  be  retained. 

Pun  No.  4 

Analysis  No.  4  was  run  for  the  SENEL  measurement  by  microphone  #1  as  a 
function  of  temperature,  ceiling,  and  wind  sown  the  runway.  Temperature 
was  input  as  an  exponential  factor,  ceiling  was  input  as  an  inverse  fac- 
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tor,  and  wind  down  the  runway  was  input  as  a  linear  factor.  Tne  wind 
down  the  runway  was  computed  as  the  vector  component  in  the  d  recti on 
of  the  wind  down  the  runway.  Temperature  data  was  obtained  f  om  Orange 

County  Agricultural  Department  weather  reports.  Ceiling,  winn  speed,  and 
wind  direction  data  were  obtained  from  Orange  County  Airport  weather  re¬ 
port?  . 

Hone  of  the  factors  indicated  a  significant  relationship  with  noise  level 
on  this  run.  The  range  of  temperatures  included  for  this  run  was  much 
narrower  than  in  prior  runs,  and,  thus,  perhaps  was  not  wide  enough  for  the 
effect  to  show  up  in  the  calculations. 

Run  No.  5 


Analysis  No.  5  was  run  for  the  SENEL  measured  at  microphone  #1  as  a  func¬ 
tion  of  temperature ,  crosswind,  and  wind  down  the  runway.  Temperature 
was  input  as  an  exponential  factor,  whereas  crosswind  and  wind  down  the 
runway  were  treated  as  linear  factors.  Wind  down  the  runway  was  computed 
as  in  Correlation  No.  4.  Crosswind  was  computed  as  the  vector  component 
of  the  wind  perpendicular  to  the  runway.  The  data  were  obtained  from  the 
same  sources  as  for  Run  No.  4. 

Only  temperature  Indicated  a  significant  Inverse  relationship  with  noise 

level,  as  in  prior  runs. 

Run  No.  6 


For  Study  No.  5,  *  completely  new  data  set  was  obtained.  SENEL  of  micro¬ 
phone  #1  was  correlated  versus  temperature,  humidity,  wind  speed,  and 
wind  direction.  Temperature  and  humidity  were  input  as  exponential  fac¬ 
tors,  whereas  wind  speed  and  wird  direction  were  input  as  linear  factors. 
Random  numbers  were  used  for  wind  direction  data  in  the  cases  of  zero 
wind  speed.  Humidity  data  were  obtained  from  United  States  Marine  Corps 
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Helicopter  Air  Station,  Santa  Ana,  California,  (see  Figure  1)  weather 
rr-nrtc.  Te&perature,  wind  speed,  and  wind  direction  data  were  obtained 
from  Orange  County  Airport  weather  reports. 


The  results  of  this  run  indicated  that,  again,  the  inverse  effect  of  tem¬ 
perature  was  very  significant.  None  of  the  other  factors  considered 
wera  found  to  be  significant. 


Rur  fro.  7 

Run  No..  7  was  conducted  for  the  SEN  CL  of  microphone  #2  as  a  function  cf 
temperature,  humidity,  wind  speeo,  wind  direction,  ?nd  visibility.  All 
conditions  were  the  same  as  for  Run  No.  1.  except  the  microphone. 

The  results  were  essentially  the  same  as  found  for  microphone  #1  with 
the  effect  of  temperature  being  the  only  significant  factor. 


Run  No.  8 

Study  No.  8  was  run  for  the  SENEL  of  microphone  #3  as  a  function  of 
tesoerature,  humidity,  wind  speed,  wind  direction,  and  visibility.  As 
for  Run  No.  7,  conditions  were  the  same  as  for  Run  No.  1  except  the 
microphone.  Fewer  data  sets  were  used  since  microphone  #3  did  not  func¬ 
tion  property  during  some  of  the  flights. 

The  results  were  essentially  the  same  as  the  run  for  the  other  two 
microphones.  Thus,  the  results  do  not  seem  to  substantially  differ  as 
a  function  of  microphone  placement. 

Run  No.  9 

A  completely  new  data  set  was  obtained  for  Analysis  No.  9.  For  all  pre¬ 
vious  correlations,  data  were  used  for  flights  departing  to  the  south. 

For  this  run,  data  were  used  for  flights  departing  to  the  north.  The  cor¬ 
relation  was  run  for  microphone  #4  as  a  function  of  temperature,  humidity. 
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wind  speed,  and  wind  direction.  Temperature  and  humidity  were  input  as 
exponential  factors,  whereas  wind  speed  and  wind  direction  were  input  as 
linear  variables.  Random  numbers  were  input  as  data  for  wind  direction 

for  the  conditions  of  zero  wind  speed.  Humidity  data  were  obtained 
from  United  States  Marine  Corps  Helicopter  Air  Station,  Santa  Ana, 
California,  weather  reports.  Temperature,  wind  •'peed,  and  wind  direc¬ 
tion  were  obtained  from  Orange  County  Airport  weather  reports. 

The  results  of  this  analysis  indicated  the  presence  of  wind  speed  as  a 
significant  inverse  effect  for  the  first  time.  It  may  have  been  a  real 
effect  previously;  however,  the  range  of  wind  speeds  present  was  per¬ 
haps  not  sufficiently  large  for  the  true  effect  to  be  seen.  The  wind 
speed  range  for  this  run  was  0-2S  knots.  The  effect  of  temperature  did 
not,  however,  show  up  on  this  run,  probably  because  range  of  temperature 
was  somewhat  narrow  on  this  particular  data  set. 
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SUMMARY  AND  CONCLUSIONS 


The  inverse  effect  of  temperature  was  the  only  dominant  effect  that  was 
repeatable  throughout  the  nine  runs.  There  were  only  two  cases  which 
did  not  indicate  the  temperature  variable  as  significant,  and  in  both  of 
these  cases  the  range  of  temperature  variation  was  considerably  below 
that  of  the  other  runs. 

The  effect  of  wind  direction,  although  showing  up  significantly  on  re¬ 
lated  Runs  1  and  2,  may  very  well  not  be  a  "real"  effect.  It  did  not 
have  a  large  effect,  even  on  these  runs,  and  it  did  fail  to  show  up  sig¬ 
nificantly  on  any  of  the  other  runs.  It. should  be  mentioned  that  an 
"unreel"  effect  showing  up  with  significance  code  +  -.rill  happen  about 
cne  time  in  twenty  and,  clearly,  this  would  not  be  too  unlikely  here 
since  about  30  tests  of  significance  were  made  in  the  overall  analysis. 

The  effect  of  wind  speed,  likewise,  only  showed  up  one  time;  however, 
this  more  likely  represents  a  real  effect  since  the  run  on  which  it 
did  show  up  was  Run  No.  9,  where  the  data  set  possessed  the  greatest 
range  for  this  factor  (i.e.,  wind  speeds  up  to  25  knots  were  observed). 
More  data  sets  with  large  wind  speed  ranges  should,  however,  be  analyzed 
before  this  factor  is  accepted  as  being  "real."  Run  No.  9  was  made 
using  recently  acquired  data  taken  during  a  so-called  "Santa  Ana"  weath¬ 
er  condition.  This  local  weather  condition  is  character! zed  by  high 
winds  from  the  north  and  very  low  humidity.  A  Santa  Ana  weather  condi¬ 
tion  occurred  during  the  later  stages  of  the  program  and,  because  Orange 
County  noise  abatement  personnel  were  noticing  generally  lower  noise 
levels,®  a  regression  calculation  was  made  using  new  data  taken  during 
this  condition. 

None  of  the  other  factors  appear  to  be  significantly  related  to  noise 
level;  however,  r  ,ne  of  these  factors  should  also  be  studied  over  wider 
ranges  to  be  more  certain  that  they  are  not  significant. 
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It  should  be  noted  that,  although  humidity  is  an  important  variable 
affecting  the  attenuation  of  sound  in  the  atmosphere,  humidity  was  not 
a  statistically  significant  factor  in  any  of  the  runs  made  here.  This 
was  the  case  even  though  humidity  varied  over  a  fairly  wide  range  in 
all  the  runs  in  which  it  was  included.  Based  upon  the  calculations 
made  here  humidity,  therefore,  is  apparently  not  an  important  parameter 
in  the  measured  community  noise  from  aircraft.  This  is  a  tentative  con¬ 
clusion  based  upor  a  limited  number  of  calculations,  however,  and  would 
require  further  calculations  based  upon  a  wider  range  of  data  to  fully 
substantiate. 

Some  error  was  introduced  by  interpolation  of  the  meterological  factors 
since  data  in  all  case-  were  not  available  at  the  time  of  the  noise  event. 
Continuous  monitoring  of  these  parameters  would  reduce  this  error. 

This  work  indicates  that  tempera tu-e  and  possibly  wind  speed  are  the  most 
important  factors  affecting  measured  aircraft  noise  levels  under  operat¬ 
ing  conditions.  The  local  meteorological  factors  generally  account  for 
about  one-fourth  to  one-third  of  the  variations  in  measured  noise  levels. 
This  indicates  that  an  improvement  of  predicated  airport  noise  levels  may 
possibly  be  achieved  by  proper  consideration  of  these  parameters.  Of  more 
importance  is  the  possibility  that  the  consideration  of  meteorological 
parameters  may  significantly  assist  in  airport  noise  abatement  planning 
and  evaluation.  This  work  serves  to  indicate  the  relative  importance  of 
meteorological  parameters  in  measured  community  aircraft  noise.  Further 
work  using  a  wider  data  base  at  several  locations  would  be  required  to 
substantiate  these  results  and  lead  to  information  that  would  be  of  sig¬ 
nificant  usefulness  in  noise  abatement  and  prediction  activities. 
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Temperature  data  obtained  from  Orange  County  Agricultural  Department  weather  reports.  Wind  Speed,  Wind 
Direction,  and  Ceiling  data  obtained  from  Orange  County  Airport  weather  reports. 
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Speed  and  Direction  obtained  from  Orange  County  Airport  weather  reports 


>> 


■o^  r— r— <rco<rcM»— ocr 
-»-  »*  cOf-sioinminininin 

3 


in  co  tvj  csj  t\j  omx)  o  o 

r--  r-s  to  is  10  in  vo  u>  to  in  m  in 


0) 

s-  ; 

3  i 

+-> 

•a  - — 

i-  u-  •— ^j-iocoor^r^oooo  co  «*>  in  ooomo'.oio'  . —  <r>  cr> 

qjo  r-s  i —  cococococo  i-s  is.  m^maicidid  moio 


<u 


_J  _ 

oinininoinomin 

o 

o  o 

o  in 

in  mm  m  o  o  o 

c  m  m 

UUMUlNOOOrOtOOl 

in 

vo 

CM  ^ 

o  o  cm  o\  a  n  is 

Oi  co  •— 

ujs!0 

OWOOOOIOO® 

o 

CTl  O 

o  o 

O  O  O  CTl  O  O  O' 

cr»  cn  o 

to 

r-  r"  r“  r—  p- 

r— 

r— 

r—  » — “ 

r—  r—  r-  i-* 

*— 

i* 

cm  co  is.  rs^cocoaio 

in 

Tj-  CO 

in 

ONiAMOCOO 

w  co 

£ 

c\jroo^r-»-  cm  in 

o 

o  o 

co  o 

in  ir>  o  *=i  i —  cm  m 

o  *=r  sr 

eooioor-nonn 


rs- 


cvj  co 


•  CM  CM  CO  s|-  sT  r— w— < 


CM 

CM 

CM 

CM 

0) 

CNJ 

CM 

r^ 

J^S 

r*^ 

-M 

N 

■ — 

*'v. 

—s^ 

O 

■**v^ 

in 

CM 

fO 

m 

in 

r— 

CM 

CM 

CM 

\ 

\ 

\ 

o 

<x> 

cr> 

cr» 

CT» 

cn 

25 


'-ifi-ZZTG^f 


0000000  ooo 
cO't*-vr'3’tnmtr>  *»•«?■  co 

r-  (V  OJ  W  M  M  M  •  CM 


*  * 

o  o  o  o  o 

lflf-rvN<t 
r—  CM  CM  CM  C\l 


O  O  O  O 
CM  CM  CM  CM 
CM  CM  CM  CM 


OO  O  O 
«ON« 
< —  r  -  CM  CM 


mt  co  <t  ta-  cn  cn  cn 


lOlflOO 


«*■  *»•  «u-  m. 


o  ro  »r  "cr  r^  cm  ir j 
co  f»»  r>»  co 


CT1CCO 

NlSN 


co  *3-  cn  co  cc 
co  co  co  co  in 


O  O*  CT>  OC 

looioin 


incoouo 

co  vC  lii  Ui 


O  O  O  CO  O  <—  CM 
r^NNfsIVNjM 


CO  M-  CC 

co  CO  cO 


r-r-CfCMO! 

COCOCOMc. 


CO  CO  O  30 

UP  CO  CO  CO 


cm  cn  o  <— 

OONN 


ir  T  £E 


inooinooui 

<sj-  oo  co  «a-  co  r-.  cm 
OO'O'OOOO 


oom 
•  •  <? 
NO  - 

ooo 


ooooo  looom 


CO  CM  CO  *3-  CT> 
O  O  O  O  <n 


*— •  CM  « —  £7\ 
O  O  O  oc 


moioio 


CC  to  CO  cc 
o  o  o  cn 


o  cm  ro  oo  cj-  cn 

O  to  tf)  lO  CO  Pi  CO 


r—  CO  in 
--j-  in  m 


o>  ro  cn  cm  O 

CUI  CO  O  r-  O 


MCOOICJ- 

co  oo  ro  o 


cO  CO  CO  o 
O  CO  i*—  CO 


co  co  cn  cn  cm  cm  ro  m  co  co  o  i — 


footnote >  oag nil 


1 


o 

at  a) 

S-  3 
f-  I- 

O  H- 

o 

CVJ 

250 

o  o  o  o  o 
a>  i—  cvi  in  in 

i~  CM  CVJ  CVJ  CVJ 

o  o  o  o  o  o 
cvj  o  in  oo  o  in 

CO  CVJ  r-  CVI  CVJ 

*  *  *  *  *  *  + 
ooooooooo 
io  id  mm  oj  io  oun  < 

r— CM  CM  CO  CM  CM  CM 

O  O 
CM  CO 
*—  r» 

-a  s 
c  o 

*«—  i_ 

3:  u- 

to  in  in  to  10  cn  o  nnnsr-  in  oooooooinco  in  m 


CT>  r-ffllt  oo 

to  in  in  in  in  in 


lOtf  rtONU) 
lO  1C  ID  «f  -S'  tf 


lONNioooaooain 
10 10 10  in  in  tf  «3- p> 


»—  m 
r>.  m 


NNCOOO 

lOtOlONIN 


«*■  oo  O  in  in  **-  i-cooir^txtOMtfin 

lOifliONNiv  intntnioiDioNNrs 


in  c  in  o  in  o  o  in  in  c  in 


ininaiminminoin 


uj 

in 


cm  *3-  cm  in 
o  o  o  o  o 


ooo^tcjmn 
o  o  o  o  o  o 


cviinn^MOtrr-r- 

ooaoooooo 


ro  cyi  Ti-  in 
o  *tco  <r  o 


1-*  53-  «3-  CM  CO 

o  co  in  ro  co  co 


u)«fc\Mf  cooiown 
ofn^ro^roinmo 


i—  r—  cm  *3-  m  co  co  co  cm  n  ^3-  co  co  co  o  o «—  < 


CVJ 

CVJ 

Cvi 

CJ 

r^» 

4-J 

■*ss«fc 

o 

rs 

m 

o\ 

» — 

O 

o 

o 

o 

0J 

m  o 

C7> 

••  •• 

n> 

co  a> 

CL 

CVJ 

«* 

CJ 

4-> 

o 

c 

4-> 

o 

o 

4— 

CJ 

CJ 

o 

m 

r— 

* 

* 


o  o  o 
rs  r»  vo 

CM  CM  CM 


i 


m  in  to 
in  in  in 


04  04  04 

r^  r^ 


—J  _  in  o  in 

uj  . — Cr  •  .  • 

2:  »  ro^r- 

uj  2:3  000 


<u 

*s 


m  co  co 
o  o  vr 


28 


-Q  •  • 

O  in  n 
4-1  4-1 
0  1-1- 
4-»0  0 
(8  D.  CL 
XI  <1)  cu 

J-  s- 

>> 

4->  t-  S- 
•4-  01  <U 

•o  jz  xz 

T-  41  41 
E  o  o 

3  cu  eo 

3=  5  2 


See  footnote,  page  M 


333ST s*sss5*5CS5SSw4S»JS^^«^  - - 

J-J  . . . 


tV>^Vh>  v>v^<«  ****** 


k  .ft»«  Ml  ■ 


I^x. 

o 


to 

< 

f— 

<c 

o 


•t-  to 

*—  <D 


-Q  -*- 

4-  S 

tO  * — - 


C  40 

o  x- 

4-  O 
40  2: 
O 

<u  <u 

i-  3 
4-  S- 

O  t— 

-o  e 

C  to 
4—  k 

3:  u- 
o 


TJ 

O) _ 

m ' 
0-2 
^  o 

-o  5 

c .  • 


'O'-' 
—  Sr« 
E'— 
3 


0) 

X- 


fO'— 
S_  Uu 
(U  o 

CL - • 

£ 

(0 


00000000  0000000000  000000 


ooooocoo 

xJ-xJ-CMCMCMCMCMCM 


0000000000 

CVi  CM  CSJ  CtJ  CM  CM  CM  CM  04  CM 


000000 

X}-  xj  xj-  XT’  C\l  r— 


*  *  *  *  *  *  4c 
OOOOOOOO 
cn  co  < —  in  <\j  to  tn  xr 
1 —  cm  1 —  t\j  ro  ro  CSJ 


0000000000 

tOxrx}-xJ-x3-x|-xa-xJ-xlpxJ' 
>— CMCMCMCMCMCMCMCMCM 


OOOOOO 
o\QO^in<*) 
1 —  r—  t —  CM  CM 


O  O  O  O  O  O  O  XT  O  O  CM  CM  O  O  O  xt  CO  ro 


CO  CO  CO  CO  Xj-  CM 


tococococor^cOO 

OVOOOOOOVD 


COCMCMCMOOOXI-COCO 

NNNNMOlOlDlOlO 


<—  CO  to  CM  CO  00 
Ol  CO  CO  CO  IQ  to 


CTicM.ntntominxa- 

xj-tnutinmtomin 


triniflinintflimnunn 

LOinintmiunintfuntn 


incoo>*—xj-x3- 
X3-  xj-  X3-  to  tf>  to 


T3 

C 


«/> 

44 

X-  • 
O  i/l 
0-4-1 
0>  S- 
X-  o 
Q. 
S-  <U 
<U  S- 

.e 

4->  t- 

<0  cu 
a»  sz 

2C  4-> 

<0 

4->  <U 
C  »• 
0» 

B£ 

I-  o 

<0  CL 

O-  x- 

OS  4- 

o  «=C 

•—  >1 
<0  4-> 

x-  c 

3  3 
4-»  O 
r—  O 
3 

U  <U 
4-  Ol 

X-  c 
01  «o 
<  s- 
o 

>» 

44  E 
cr  o 
3  X- 
04- 
U 

TJ 

<u  a) 
o>  c 

c  4- 

10  <0 

X-  4-1 
O  -O 
o 
E 

O  <0 
X_  44 
4-  ns 
-a 
~a 

<U  >r 
C  44 

4 —  4 — 

xj  1 — 
44  4- 

x>  _a 

O-r- 
«/> 
ns  ■ 


44  > 

—1  _ 

ooooin/umn 

OOOOOtOOOOtri 

0  0  0  0  0  tn 

to 

-a  -a 

z  1 

r-CMr-OOli-Or- 

C^rOr-rO'NJr-»-*Cr>CMr- 

CM  CM  to  O  r—  Ol 

c 

uj  S  y. 

CT>CrtCT»CT!C0CTiC3CT> 

coaioioioicncyicocncn 

CT*  CT*  CT»  O*  00 

>»  10 

c/> 

«f>  «x 

^  TJ  C 

- _ 

1-  0 

E  •»- 

ai 

3  4-> 

CD 

Wtf  Cr-  LD  O'  LO 

tDrorOLfitiicOrotnoro 

0  01  xj-  tn  00  co 

a> 

3:  y 

£ 

O  CO  O  < —  ro  xr  to  ro 

OO^O'-r-OniDlT) 

cm  co  to  *■—  to 

<0 

01 

**— 

Cl 

*0  l- 

y- 

COCOOOOf—  —  CM 

a>  O  O  r-  CVJ  CM  ro  fO  CO  co 

O'O^  WOr-<t 

C  *t~ 

r~  r“  r-  r—  *— 1  r- 

r—  r-  r-  r—  r*  r-  r—  r—  r— 

r-  r—  r— 

* 

<a  a 

a> 

4-> 

01  T3 

O 

X-  C 

C 

3  -r- 

4-> 

44  3 

r— 

CNJ 

0 

r-  -'""‘x 

O 

S-  - 

os 

r^.  4-> 

**x*^ 

\ 

M- 

01  -0 

4-> 

— 

tO 

cr\ 

O.  3 

RJ 

ro  C 

CVJ 

OJ 

a> 

E  a> 

O 

^  O 

\ 

CD 

01  0 

CM  0 

CVI 

CSJ 

to 

t—  to 

r— 

* — 

*— 

* 

30 


I 

1 

1 

3 


See  footnote,  page  1*7 


-  **v 


oooooooooo 

«^-«3-«3‘<3-intntntntnco 


ooo  o  o  o  o  o  o 
cxi  o  *—  cr>  cn  co  r-*  oo 


OOlOONNNCOCOO 

oocmcococmcmcmcmcmco 


cn  r^-  cm 

CO  ID  CD 


CO  CD  CO  CO  CO  CO  CO  O  r—  CM 
COCOOCCOCOCOOCnC.  CT> 


CM  r—  t—  CM 

in  in  in  in 


-J  _ 

iflinooinininomo 

in  o 

in  o 

in 

mom 

o  m 

Z  1  03 

ro  cn  <n  co  o  in  ■ —  in  o  > — 

CO  CO 

CM  co 

o 

•  •  • 

CO  CO  r— 

CO  *3- 

-r 

omoicnoa>oo'oo 

o  o 

o  o 

o 

OOO 

o  o 

m  ^ 

r—  r—  r—  f—  r— 

r- 

r—  r* 

r"“ 

r—  r— 

*—  r— 

NcMOsiooinootM  cr>  in  1001  co  co  co  ■ — 

OO^tCfCOcrNri<ti —  Or—  Or—  co  o  r—  *3- 

O  O  r—  r—  cm  cm  co  co  co  13-  r>»  r^-  r-'.  r-»  r>« 


O  r— 


10/19/72  7:06  103.5 

7:18  106.0 

*See  footnote,  page  /V 


.Vl*»S?C*Sc»?W««  C.fSSg^  ->.*<»  *; 


o  o  o  o 

CTi  <T>  r-~  l''- 


oooooooooo 

cocococorocococococo 


lOls  Ifltf) 


wvoininouf  mwwin 


<3-  f—  CM 

cn  00  co 


nsituo 
co  1^  r» 


ioiov  oinoi —  co  vo vo 
COCOCOCMCO^^COCMCM 


<t  IOIDU3 

in  in  in  in 


co  cn  cn . —  cm  m  m-  vo  r~-~  r~~ 
tfliniflioioioiouxoio 


o  in  in  m 


Oinoocinmininm 


■ —  ro  <j-  co 
cn  o  o  cn 


vo  in  in  in  00  o  vo 

Of—  •—  OOf—  r-  r— 


NOi-r-vtMOn. —  CM 
OOOOOIOIOOIOO 


CO  CM  VO  CM  CM  CO  CO  VO  «*•  1 —  M- 

cotnooicur  vt-ocoo  o  i — 


r —  co  cn  cn 


cocooioor-  r—  cm  co  in 


—  o 

CM  CM 


*See  footnote,  page  17 

Humidity  data  obtained  form  United  States  Marine  Corps  Helicopter  Air  Station,  Santa  Ana,  California, 
weather  reports.  Temperature,  Wind  .Speed,  and  Wind  Direction  data  obtained  from  Orange  Count/  Airport 
weather  reports. 


APPENDIX  B 

RESULTS  OF  ANALYSIS  RUNS 


SET  1.  (N=49  data  set,) 

analysis  of  variancf 

Source  d.f.* 

* 

ss 

* 

ms 

F* 

_ .  * 
Siq. 

1 

0.642 

0.642 

0.07 

- 

X2 

1 

48.746 

48.746 

4.98 

+ 

X3 

1 

0.045 

0.045 

0.005 

X4 

1 

137.247 

137.247 

14.02 

+++ 

X5 

1 

1.670 

1.670 

0.17 

_ 

Residual  Error 

43 

420.998 

9.791 

Total s  48 

OVERALL  CORRELATION  ESTIMATE 


609.347 


PREDICTION  EQUATION 


R  =  0.556 
RZ  =  0.309 


Y  =  228.64  -  0.016X2  -  43.77X4 
sE=  3.13 


where 


=  Noise  level  in  CNELdB,  Mike  #1 
=  Wind  speed  (knots) 

=  Wind  direction,  deg.  from  True  North 
-  Visibility  (miles) 

T/CpQ 

=  e  ,  where  T=temperature  in  °R 
=  Relative  humidity  in  % 


Low 

High 

94.5 

112.0 

0 

15 

0 

360 

0.1 

40.0 

505 

554 

30 

92 

H??.of  freedomi.ss  =  sums  of  squares;  ms  =  mean  square; 
F  -  F-test  ratio;  sig.  =  significance  code. 


.—5 ^erpZftGi 
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SET  2.  (N=35  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss 

ms 

F 

Sij^ 

x2 

1 

30.404 

30.404 

4.16 

+ 

X4 

1 

98.940 

98.940 

13.54 

+++ 

Residual  Error 

32 

233.841 

7.308 

Totals 

34 

363.185 

OVERALL  CORRELATION  ESTIMATE 


PREDICTION  EQUATION 


R  =  0.5S7 
R2  =  0.356 


Y  =  178.16  -  O.OOZOXg  -  27.34X4 


sE=  2.70 


where 


=  Noise  level  in  CNELdB,  Mike  #1 

=  Wind  direction,  deg.  from  True  North 
T/528 

=  e  '  ,  where  T=temperature  in  °R 


Range  of  Data  Set 


Low 

High 

97.0 

112.0 

0 

360 

505 

554 

3r*f-*»^-^.'»*jv-ve-«j«*>» 


SET  3.  (N=35  data  sets) 

ANALYSIS  OF  variance 


outrrce 

v 

d.f . 

ss 

ms 

F 

Si;f. 

X2 

1 

19.G53 

19.053 

2.38 

X4 

7 

88.285 

83.289 

n.04 

-H- 

Residue]  Error 

32 

255.843 

7.995 

Totals 

34 

363.185 

OVERALL  CORRELATION  ESTIMATE 

R  =  0.544 
R2  *  0.296 

PREDICTION  EQUATION 

A 

y  =  in. i9  -  0.1021X. 

4 

sE  =  2.33 


Range  of  Data  Set 


Y 

-  Noise  level  in  CNELdS,  Mike  #1 

Low 

High 

97.0 

112.0 

X2 

=  Wind  direction,  deg.  from  flight  path 

0 

360 

X4 

=  Temperature  in  °R 

505 

554 

SET  4.  (N=43  data  sees) 

ANALYSIS  OF  VARIANCE 


Source 

!*JL 

ss 

ms 

F 

§12. 

xi 

h 

1 

0.168 

0.168 

0.02 

- 

1 

5.369 

5.369 

0.50 

- 

X3 

l 

17.825 

17.825 

1.67 

- 

Residual  Error 

39 

415.766 

10.661 

Totals  42  439.128 


OVERALL  CORRELATION  ESTIMATE 

R  =  0.231 
R2  =  0.053 

PREDICTION  EQUATION 

A  _ 

Y  =  104.09  (equals  Y  since  no  variables  are 
significant) 

sE=  3.27 


where 

Range  ol 

F  Data  Set 

Low 

Hiqh 

Y 

=  Noise  level  in  CNELdB,  Mike  #1 

94.5 

108.5 

X, 

_  fiT/528^  w},ere  j=temperature  in  °R 

505 

536 

x2 

=  Flight  path  downwind  vector  - 

0 

0 

15 

360 

X3 

=  Reciprocal  of  ceiling,  (feet)"^ 

900 

0 

38 
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SET  5.  (N=49  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss 

ms 

F 

SlSL 

X1 

1 

52.80 

52.80 

4.32 

+ 

X2 

1 

2.86 

2.85 

0.23 

- 

X3 

1 

3.53 

3.53 

0.29 

- 

Residual  Error 

45 

550.16 

12.226 

Totals 

48 

609.35 

OVERALL  CORRELATION  ESTIMTE 


R  =  0.312 
R2  =  0.097 


PREDICTION  EQUATION 


A 

Y  =  144.12  -  15.11IX1 
s£  =  3.50 


where  .  Range  of  Data  Set 


Low 

High 

Y  =  Noise  level  in  CNELdB,  Mike  #1 

94.5 

112.0 

X,  =  where  T=temperature  in  °R 

505 

554 

X?  =  Flight  path  downwind  vector,  in  knots 

L  wind  sp. 

0 

15 

X,  =  Flight  path  crosswind  vector,  in  knots 
J  wind  dir. 

0 

360 

SET  6.  (N=74  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss 

ms 

F 

113. 

X1 

1 

57.274 

57.274 

5.84 

+ 

x2 

1 

5.112 

5.  H2 

0.52 

- 

*3 

1 

15.668 

15.668 

1.60 

- 

X4 

1 

24.236 

24.236 

2.47 

- 

Residual  Error 

69 

677.251 

9.815 

Totals  73  77S.541 


OVERALL  CORRELATION  ESTIMATE 

R  =  0.36? 

R2  =  0.131 

PREDICTION  EQUATION 

Y  =  142.75  -  12.518X1 
sE=  3.13 


where 

Y  =  Noise  leyel  in  CNELdB,  Mike  #1 
X.  -  e^2®,  where  T=temperature  in  °R 
~  Relative  humidity  in  X 
Xj  =  Wind  direction,  deg.  from  True  North 
=  Wind  speed,  knots 


Range  of  Data  Set 


Low 

High 

92.5 

108.5 

511 

548 

33 

86 

0 

360 

0 

I 

16 

40 
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SET  7.  {N=49  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss 

ms 

F 

Sig 

X1 

1 

0.528 

0.528 

.09 

- 

X2 

1 

14.153 

14.153 

2.39 

- 

X3 

1 

0.149 

0.149 

.03 

- 

X4 

1 

65.118 

65.118 

10.98 

++ 

X5 

1 

4.862 

4.862 

.82 

- 

Residual  Error 

43 

255.242 

5.936 

Totals  48  339.918 


OVERALL  CORRELATION  ESTIMATE 

R  =  0.499 
R2  =  0.249 

PREDICTION  EQUATION 

Y  =  148.43  -  21.613X4 
sE  =  2.44 

where  Range  of  Data  Set 


Low 

High 

Y  =  Noise  level  in  CNELdB,  Mike 

#2 

82.0 

!  96.0 

X,  =  Wind  speed,  knots 

0 

15 

X?  =  Wind  direction,  deg.  from  True  North 

0 

360 

X-  =  Visibility,  miles 

0.1 

40.0 

^  T/COO 

X^  =  e  -  ,  where  T=temperature 

in  °R 

505 

554 

=  e^,  where  H=humidity  in  % 

30 

92 

SET  8.  (N=43  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss_ 

ms 

F 

X1 

1 

4.584 

4.584 

0.64 

X2 

1 

9.322 

9.322 

1.30 

X3 

1 

13.091 

13.091 

1.83 

X4 

1 

58.831 

58.831 

8.23 

X5 

1 

1.063 

1.063 

0.15 

Residual  Error 

37 

264.586 

7.151 

Totals 

42 

351.477 

OVERALL  CORRELATION  ESTIMATE 


R  =  0.497 
R2  =  0.247 


PREDICTION  EQUATION 

Y  =  150.03  -  21.907X4 
s£  =  2.67 


where 

Y  =  Ncise  level  in  CNELdB,  Mike  #3 

X-j  =  Mind  speed,  knots 

-  Wind  direction,  deg.  from  True  North 

X3  =  Visibility,  miles 

X-  =  e^2®,  where  T=temperature  in  °R 
*  H 

X,j  =  e  ,  where  H=relative  humidity  in  % 


Range 

Low 

84.5 

0 

0 

0.1 

505 

30 


42 
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SET  9.  (N=45  data  sets) 

ANALYSIS  OF  VARIANCE 


Source 

d.f. 

ss 

ms 

F 

Siq 

X1 

1 

7.012 

7.012 

0.58 

- 

X2 

1 

95.408 

95.408 

7.92 

++ 

*3 

1 

29.C73 

29.073 

2.41 

- 

X4 

1 

8.526 

8.526 

0.71 

- 

Residual  Error 

40 

482.092 

12.052 

Totals  44  622.111 


OVERALL  CORRELATION  ESTIMATE 


R  =  0.474 
R2  =  0.225 


PREDICTION  EQUATION 

Y  =  118.52  -  6.801X2 
sE  =  3.47 

where 

Y  =  Noise  level  in  CNELdB,  Mike  #4 

=  Wind  direction,  deg.  from  True  North 

X^  =  Wind  speed,  knots 

X.,  =  t  where  T=temperature  in  °R 

^  H 

X^  =  e  ,  where  H=relative  humidity  in  % 


Range  of  Data  Set 


Low 

High 

91.0 

106.0 

0 

360 

0 

25 

509 

552 

26 

94 

i 

I 


43 
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